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Overall justification: The Global Earth Observation System of Systems
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Three key questions regarding ocean carbon

In Situ Oceans and Atmosphere (LSCOP)

»Where is CO, invading into ocean?

» Where is it stored in the ocean ?

» Will ocean uptake and storage change in
the future?

And an additional one:

Observations Working Group

» What are the environmental and ecological
impacts of the oceanic CO, sequestration 2002
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The Default Assumption (IPCC models)

The sequestration of CO, by the ocean is proportional to the increase of
atmospheric CO,
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The uptake of anthropogenic CO, is controlled by the large-scale
overturning (MOC) and a biological pump that is in steady state




Where is CO, stored in the ocean ?

CLIVAR/CO, repeat hydrography program: Determine the decadal
changes in anthropogenic carbon in the ocean

Estimates of ocean inventory changes in anthropogenic carbon (mol C m-2yr-1) over
the last decade. (0.5 mol C m=2yr'= 2 Pg C)

Atlantic (25°W) Pacific (152°W) Indian (80 ‘E)
Northern Hemisphere 0.75 0.25 0.3
Southern Hemisphere 0.63 0.41 0.5

*Indian Ocean changes are preliminary.

1. Large differences between regions
2. The changes in DIC are patchy- why?

[
South (2005-1989); North (2003-1993)
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Verification and attribution of patchy changes in DIC
with ocean biogeochemistry models

1. Incorporating a multi-species biogeochemistry/plankton model into a high
resolution GCM with synoptic forcing, changes of similar magnitude are
observed (NCAR community model): we can model the anomalies
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2. Using remotely sensed SSH a clear pattern between DIC and SSHA are
observed that are validated with the OCMIP models: we have means of
detecting the anomalies

Changes in measured column inventory of DIC (black, mol/m?),
02 (green, mol/m?), and SSH (red, cm) from TOPEX altimetry
data along 80°E (I8N) between March 1995 and September 1995

20

Correlation between detrended monthly
anomalies o

Altimetry helps to explain
patchy changes

in hydrographic carbon
measurements

Rodgers et al. 2008
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Where is CO, invading into ocean?

Global climatology

Mean Annual Air-Sea Flux for 2000 (NCEP I Wind, 2,791K, I'=.24)
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High latitude work (IPY):

Xue Long (funded in part by NOAA/ADR )
Gould

Polar Stern
Palmer (NOAA)
Nuka Artica
Healy (NOAA)
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Is the ocean uptake and storage changing?
Using empirical relationships with SST- determine inter-annual variability
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What are the environmental and ecological impacts of the
oceanic CO, sequestration?

Ocean acidification:

The major concern is decreased production of calcium carbonate (Tests, shells,
corals):

CaCO, + CO, + H,0 = 2 HCO, + Ca2*

Note- Where is the acid?
It is a saturation state issue: Q = [Ca2*][COz2] /K,

Changing saturation states in the Caribbean Sea

Gut

Gledhill et al. 2008
NESDIS, in review
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Conclusions

» The decadal CLIVAR CO, survey (“ocean observations yesterday”) are providing a
snapshot of changing ocean CO, inventories, and biogeochemical changes that
were unexpected. The observations have provided impetus to improve models

» The surface water observations along with empirical methods and remote sensing
provide seasonal estimates of CO, flux that serve as a first-order estimate of
changing fluxes

» Increasing observations at high latitude will provide validation climate change induced
decreases in oceanic uptake (Southern ocean-winds; Arctic Ocean ice melt)

» The surface water CO, observing system could/should be used as the backbone of
the ocean acidification monitoring with emphasis and coastal observations
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Supplementary material: AOML Ocean Carbon group Facts and Figures
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Funding profile AOML CO, group- FY-2008 “Extramural”

(note, expected- no funds for FY-08 have been allocated yet)
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Recognition for input to fourth IPCC assessment

The Under Secretary of Commerce
f for Oceans and Atmosphere
Waeshington, D.C. 20230

Dr. Tsung-Hung Peng

Dear Dr. Tsung-Hung Peng:

The Norwegian Nobel Committee recently awarded the Nobel Peace Prize to former
Vice-President Al Gore and to the Intergovernmental Panel on Climate Change (IPCC).

You are aniong the more than 126 National Ocearnic aid Atmospheric Adminisiration

(NOAA) scientists who were contributing authors to one or more of the four [PCC Assessment
Reports. I congratulate you, and your colleagues, as part of the [PCC team Nobel Laureates.
Your outstanding efforts to understand climate change and its effects, both short- and long-term,
bring great pride and esteem to NOAA, the Nation, and the global community. The results of the
IPCC Assessment Reports have brought to light a serious environmental challenge. They have
had, and will continue to have, a profound effect on global policy decisions.

We are proud of your Nobel Peace Prize contributions, what you and the rest of the IPCC have
accomplished, and appreciate your commitment to NOAA, the Department of Commerce, and to

the Nation.
}MJ" Sincerely,

MM’Q Conrad C. Lautenbacher, Jr.
7 M Vice Admiral, U.S. Navy (Ret.)
Under Secretary of Commerce for
Oceans and Atmosphere
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The Under Secretary of Commaerce
j for Oceans and Atmosphere
ares of Washington, D.C. 20230

Dr. Rik Wanninkhof

Dear Dr. Wanninkhof:

The Norwegian Nobel Committee recently awarded the Nobel Peace Prize to former
Vice-President Al Gore and to the Intergovernmental Panel on Climate Change (IPCC)

You are among the more than 120 National Oceanic and Atmospheric Administration

(NOAA) scientists who were contributing authors to one or more of the four IPCC Assessment
Reports. I congratulate you, and your colleagues, as part of the IPCC team Nobel Laureates.
Your outstanding efforts to understand climate change and its effects, both short- and long-term,
bring great pride and esteem to NOAA, the Nation, and the global community. The results of the
IPCC Assessment Reports have brought to light a serious environmental challenge. They have
had, and will continue to have, a profound effect on global policy decisions.

We are proud of your Nobel Peace Prize contributions, what you and the rest of the IPCC have
accomplished, and appreciate your commitment to NOAA, the Department of Commerce, and to
the Nation.

ik 1 % Sincerely,

) Conrad C. Lautenbacher, Jr.
/’V(,'f { Vice Admiral, U.S. Navy (Ret.)
Under Secretary of Commerce for

Oceans and Atmosphere
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CO, group where are they now
Still to come



